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Abstract
We propose a simple scenario of the dynamical supersymmetry breaking in
four dimensional supergravity theories. The supersymmetry breaking sector
is assumed to be completely separated as a sequestered sector from the visible
sector, except for the communication by the gravity and U(1)R gauge inter-
actions, and the supersymmetry breaking is mediated by the superconformal
anomaly and U(1)R gauge interaction. Supersymmetry is dynamically broken
by the interplay between the non-perturbative eect of the gauge interaction
and Fayet-Iliopoulos D-term of U(1)R which necessarily exists in supergrav-
ity theories with gauged U(1)R symmetry. We construct an explicit model
which gives phenomenologically acceptable mass spectrum of superpartners
with vanishing (or very small) cosmological constant.
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I. INTRODUCTION
Low energy supersymmetry may play an important role in solving many problems of
the particle physics. If it is the case, supersymmetry must be spontaneously broken, and all
superpartners must have appropriate masses, since their eect is not observed yet. Therefore,
nding a simple mechanism of the supersymmetry breaking and its mediation without any
phenomenological problems is an important task. If we believe low energy supersymmetry,
it is natural to consider the supergravity framework.
The simplest scenario of the supersymmetry breaking and its mediation in supergravity
theories is the gravity mediation with Polonyi potential in the hidden sector [1], but su-
persymmetry is not dynamically broken in this scenario. Moreover, it is well known that
the gravity mediation has a phenomenological problem: the degeneracy of squark masses
at Planck scale is distorted by the quantum eect at low energies, which causes supersym-
metric flavor problem. There is another conceptual problem about the gravity mediation
as pointed out in Ref. [2]: it is not the mediation by the gravity, but the mediation by the
higher dimensional contact interactions introduced by hand. Although it is possible that the
superspace density, which denes the supergravity Lagrangian, contains innite number of
higher dimensional contact interactions so that the Ka¨hler potential has a simple canonical
form, the origin of these interactions is mysterious.
There is another possibility that the visible sector and hidden sector are completely
separated, namely, no contact interaction among them in the superspace density. This
situation would be naturally realized, if two sectors are conned in the dierent branes
separated in the direction of extra dimensions (now the hidden sector should be called as
the sequestered sector [2]). In this case the supersymmetry breaking at the sequestered sector
is transmitted to the visible sector only through the superconformal anomaly [2{4]. In this
anomaly mediation the masses of squarks highly degenerate at low energies and there is no
supersymmetric flavor problem, but sleptons have negative masses (m2slepton < 0). There
are many attempts to solve this problem [2,5{7], and we usually need some additional elds
which communicate two sectors. In this paper we introduce this additional communication
by gauging U(1)R symmetry in four dimensional supergravity theories [8,9]. Since the charge
of U(1)R symmetry does not commute with supercharges, it is natural to consider that
the U(1)R gauge boson propagates in whole space-time including extra dimensions, and
communicates two sectors.
It is also interesting to note that Fayet-Iliopoulos term for U(1)R must exist due to the
symmetry of supergravity, and this term can act an important role in the supersymmetry
breaking. In fact it has been shown that the supersymmetry can be dynamically broken by
the interplay between this Fayet-Iliopoulos term and the non-perturbative eect of a gauge
interaction [10]. Since the auxiliary eld of U(1)R gauge multiplet has vacuum expectation
value, both squarks and sleptons can have positive masses of the order of the gravitino mass
in an appropriate R-charge assignment, and the problem of the anomaly mediation can be
solved.
This paper is organized as follows. In the next section we give a general argument on
the supergravity Lagrangian with U(1)R gauge symmetry. We give a general formula for
the chirality-conserving scalar mass in the presence of U(1)R gauge symmetry, which is an
extension of the formula given in Ref. [11]. An explicit model is constructed in section 3,
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and the analysis of the dynamics and mass spectrum is given in section 4. Section 5 contains
our conclusions.
II. SUPERGRAVITY WITH U(1)R GAUGE SYMMETRY
In the superconformal framework [12{14] the general supergravity Lagrangian with U(1)R
gauge symmetry is given by




























where we use the notation in Ref. [13]. Here, SI are matter chiral multiplets with flavor
index I and U(1)R charge QI , VR and VG (WR and WG) are vector (chiral) multiplets
corresponding to the gauge group of U(1)R and G, respectively. The multiplet c is the
compensating multiplet, whose component should be appropriately xed to obtain Poincare
supergravity. The functions  and W are superspace densities in which interactions are
described by the products of multiplets. Following the arguments in the previous section,
we assume that there is no interaction between the visible sector elds Si and VGv and the
hidden (sequestered) sector elds Sα and VGh in these superspace densities, namely,
(SI ; SIe
2QIgRVRe2gGVG) = v(Si; S
ie2QigRVRe2gGvVGv) + h(Sα; S
αe2QαgRVRe2gGhVGh); (2)
W (SI) = Wv(Si) + Wh(Sα); (3)
where indices i and  denote the flavors in the visible and hidden sectors, respectively, and
Gv and Gh are gauge groups in each sector. The gauge kinetic function fab(SI) should also































ab = ab, for simplicity.
Note that the compensating multiplet c must have R-charge, since the superpotential
W has R-charge. Therefore, the usual gauge choice to give Poincare supergravity:
zc =
p
3; Rc = 0; bµ = 0 (5)
does not preserve U(1)R symmetry, where zc and Rc are scalar and spinor components of
the compensating multiplet c and bµ is one of the gauge elds of the superconformal gauge
group. We have to rescale the compensating multiplet to obtain the R-symmetric Poincare
supergravity:
S0  c (W (SI))1/3 : (6)
The Lagrangian becomes
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L = − 1
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Ie2QIgRVRe2gGVG)  (SI ;
SIe2QIgRVRe2gGVG)(
W ( SIe2QIgRVRe2gGVG)W (SI)
)1/3 : (8)
The compensating multiplet S0 is U(1)R singlet now. It was shown in Ref. [13] that the
gauge xing conditions of
z0 =
p
3~−1/2(zI ; zI ); R0 = −z0 ~−1 ~JRJ ; bµ = 0 (9)
directly give the standard form of the supergravity Lagrangian given in Ref. [15], where
z0 and R0 are scalar and spinor components of the compensating multiplet S0, ~
J 
@ ~(zI ; z
I)=@zJ and zJ is the scalar components of SJ . After all, the resultant Lagrangian
in component elds has the standard form of Ref. [15] including covariant derivatives for
U(1)R gauge symmetry. The Lagrangian is determined by a function
G(zI ; z
I)  −3 ln ~(zI ; zI) = −3 ln (zI ; zI) + ln jW (zI)j2; (10)
where  and W satisfy the conditions of Eqs.(2) and (3). The dierence of R-charges in
covariant derivatives for each component eld in a multiplet automatically appears due to
the fact that W has non-trivial R-charge (see Ref. [8]).
The potential for scalar elds is given as follows.
V = VF + VD; (11)

















We take the reduced Planck scale as a unit of the mass scale. The chirality-conserving
scalar mass can be obtained by dierentiating this potential by zi and z
j and taking its
vacuum expectation value. In addition to the conditions of Eqs.(2) and (3), we introduce
the conditions of
hvii; hWvii; hzii = 0 or  1: (14)
These conditions mean the assumption that the breaking scales of gauge symmetries in the
visible sector should be much smaller than the reduced Planck scale. We obtain,
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where mik is the supersymmetric mass and D  GIQIzI . The superpotential W has R-
charge 2 in our convention. Therefore, the chirality-conserving supersymmetry-breaking















The vacuum expectation value of the potential itself corresponds to the cosmological constant
which should vanish in realistic models. We see that there is no gravity mediation, but there
is \R-mediation" which is the tree-level contribution due to hDi 6= 0.
III. CONSTRUCTING A MODEL
We construct an explicit model to show that the scenario which is described in the rst
section is possible. The particle contents of the model are summarized in Table I. In the
following we simply introduce the role of each eld without mentioning the dynamics in
detail. The dynamics will be discussed in the next section.
As for the hidden sector, we take the same system which was introduced in Ref. [10]. It
consists of two elds, Q1 and Q2, in the fundamental representation of SU(2)H gauge group
and a Yukawa interaction with a SU(2)H singlet eld S:
Wh = S[Q1Q2]; (18)
where square brackets denote the contraction of SU(2)H indices. Supersymmetry is dynami-
cally broken by the interplay between the non-perturbative eect of SU(2)H interaction and
U(1)R Fayet-Iliopoulos term, if there is no other eld with R-charge less than 2=3.
The visible sector is based on the system of the minimal supersymmetric standard model.
At least the R-charges of leptons must be larger than 2=3 so that sleptons obtain positive
masses through R-mediation of Eq.(17) (assuming hDi > 0 in this section). We simply
assume that all the quarks and leptons have unit R-charge. This means that the R-charges
of Higgs elds must be zero (note that this is less than 2=3), since we need the Yukawa
couplings of
W Yv = guHQ
U + gd HQ D + gνHL N + ge HL E; (19)
where we suppress the generation indices, for simplicity.
To ensure the dynamical supersymmetry breaking we introduce other two Higgs elds,
H 0 and H 0, with the mass terms of
W 0v = uH H
0 + d HH 0: (20)
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Although there are negative contributions to the masses of H and H from Eq.(17), these
mass terms can make all masses of Higgs elds positive at the tree level. Therefore, the
electroweak symmetry must be broken radiatively [16].





2 anomalies. To cancel (SU(3)c)
2 U(1)R and
(SU(2)L)
2 U(1)R anomalies, we further introduce additional elds, Ωi and i, and Yukawa
interactions with X.
W Xv = gX (ΩiΩi + ii) + mXX
0: (21)
The eld X 0 and the mass term with X are required to have positive mass for X and to
ensure the dynamical supersymmetry breaking, since X has R-charge less than 2=3. The
elds Ωi and i become heavy by the vacuum expectation value of X which is generated
by the 1-loop eect of the Yukawa coupling in Eq.(21). The remaining anomalies, (U(1)R)
3
and U(1)R(gravity)
2, can be cancelled out by introducing, for example, many elds of R-
charge two with appropriate values of q1 and q2. There may be much more sophisticated
and convincing way to cancel these anomalies, but we leave it for further studies.
IV. DYNAMICS OF THE MODEL
Before discussing the dynamics of the model in detail, we have to make an assumption
about the superspace density, . We simply assume as
(zI ; z





respecting the condition of Eq.(2), where zI are the scalar components of all the chiral
multiplets in the model. This gives canonical kinetic terms in the rst order of the 1=MP
expansion, where MP = Mplanck=
p
8 is the reduced Planck scale. In this case the scalar
potential can be written as









jzIW I j2 +
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where we neglect the D-term contributions form other gauge interactions.
First, we discuss the dynamics of the supersymmetry breaking. The instanton eect of
SU(2)H gauge interaction can be described as a dynamically generated superpotential [17].
The eective superpotential for the hidden sector is





where  is the scale of the dynamics of SU(2)H . If we assume that the vacuum expectation

















































q1 + q2 − 4
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v describes the flat direction of SU(2)H , s and qS are the vacuum expectation value and
R-charge of S (qS = 4 and q1 + q2 = −2). It can be shown that all the visible sector elds
do not have vacuum expectation values at the tree level. It is rather trivial for the elds
with R-charge larger than 2=3, but it is non-trivial for the elds H , H and X, since the
vacuum expectation values of these elds negatively contribute to the vacuum energy in VD.
These elds do not have vacuum expectation values at the tree level, if the mass parameters
u, d and m are appropriately large, as it will be explained at the end of this section.
Therefore, in the following we consider the stationary conditions for v and s neglecting all
the contributions from the visible sector.
The analysis is almost the same as in Ref. [10]. In case of g2R    5 there should
be a solution of stationary conditions so that v ’
√
3=5 and s  1, which results almost















Therefore, we can expect that there is a solution of vanishing (or vary small) cosmological

























3=5 + 0:012; s ’ 0:14 (34)
with vanishing cosmological constant, where gR = 10
−12,  = 10−3 and  ’ 6:95. At this
vacuum the gravitino mass m3/2 becomes
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where Q is the R-charge of the scalar eld. We see that these supersymmetry-breaking
masses are the same order of magnitude. The phenomenologically acceptable values of these
masses can be obtained by changing the value of  within the same order of magnitude.
We summarize the spectrum of the supersymmetry-breaking masses and other super-
symmetry breaking terms in the visible sector.
Gauginos in the visible sector can have masses only through the anomaly mediation,






where gi and (g
2
i ) are the gauge coupling and its beta function of the gauge group i in the
visible sector, respectively (see Ref. [4] for more precise formula). There are two contributions








where  is the renormalization scale, and γ and Q are the anomalous dimension and R-
charge of the scalar eld, respectively. The rst term is the contribution by the anomaly
mediation and the second term is the contribution by R-mediation given by Eq.(36). The
second contribution always dominates the rst contribution, since the second contribution
is the tree-level one. Therefore, the scalar led with Q > 2=3 naturally has positive mass. If
we take m3/2  10TeV to have gaugino masses heavier than about 100GeV, the scalar mass
becomes of the order of (10TeV)2.
Other supersymmetry breaking terms also emerge through the anomaly mediation. The




(γΦ1 + γΦ2 + γΦ3) m3/2; (39)
where the Yukawa coupling of WYukawa = 123 is considered, and γ denotes the anoma-
lous dimension of each eld. The B-term emerges corresponding to each mass term at the
tree level, since the mass term explicitly breaks the superconformal symmetry:
B ’ −m3/2: (40)
Note that the order of the magnitude of A is always smaller than that of B, since the B-term
emerges at the tree level.
8
Next, we discuss the radiative electroweak symmetry breaking in our model. When we
neglect the hidden sector, Higgs elds do not have vacuum expectation values at the tree


















− 2dB2 > 0; (42)
where qH is the R-charge of H and H and qH′ is the R-charge of H
0 and H 0. This condition





be larger than j ~m2R(qH)j ’ 23m23/2 so that our mechanism of the dynamical supersymmetry
breaking works. Therefore, it is natural to consider that the masses u and d are slightly
larger than m3/2 and the electroweak symmetry breaking occurs radiatively at the 1-loop
level through the large Yukawa coupling of the top quark and the supersymmetry-breaking
mass of the scalar top. We can analytically show that the radiative electroweak symmetry
breaking at the weak scale is possible in this model.
Finally, we discuss the radiative mass generation for Ωi and i which are introduced
for the gauge anomaly cancellation. These elds should become heavy so that running
gauge couplings do not blow up before Planck scale. The point is whether X has vacuum
expectation value or not, since hXi 6= 0 make these elds massive through the rst term of
Eq.(21). When we neglect the hidden sector, the vacuum expectation value of X vanishes





−m2B2 > 0; (43)
where qX and qX′ are the R-charges of X and X
0, respectively. This condition is satised,
if m is larger than m3/2. On the other hand, m
2 must be larger than j ~m2R(qX)j ’ 16m23/2
so that our mechanism of the dynamical supersymmetry breaking works. Therefore, if we
naturally take m2 > m23/2, X can not have vacuum expectation value at the tree level. But,
it can have vacuum expectation value radiatively at the 1-loop level by the large coupling
g and the supersymmetry-breaking masses of the scalar components of Ωi and i. We can
analytically show that the value of ghXi can be large enough (ghXi ’ 10−3MP , for example)
with m  m3/2 and g  1.
V. CONCLUSION
We have proposed a sequestered sector scenario in which the supersymmetry breaking
are mediated by the superconformal anomaly and U(1)R gauge interaction without gravity
mediation at the tree level. We constructed an explicit model in which supersymmetry is
dynamically broken by the interplay between the non-perturbative eect of the gauge inter-
action and Fayet-Iliopoulos term of U(1)R. It was found that the problem of the tachyonic
slepton in the anomaly mediation is solved in this scenario. The spectrum of the supersym-
metry breaking masses is very simple and there is no supersymmetric flavor problem. We
have also proposed a mechanism to radiatively generate the mass of the eld which should
not appear at low energies.
We mention a remarkable fact in this model: R-parity is not necessary. In the minimal
supersymmetric standard model R-parity is usually assumed to forbid interactions which
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violate baryon number symmetry. In our model U(1)R gauge symmetry naturally act the
same or rather stronger role. It forbids in the superpotential not only renormalizable terms
but also all the higher dimensional terms which violate baryon number symmetry. This is a
simple realization of the idea proposed in Ref. [18].
There is an important point which have to be investigated in future. That is to derive
the four dimensional eective theory from the fundamental theory in higher dimension.
For example, if we consider a ve dimensional theory as a fundamental theory, we have
to integrate out the degrees of freedom which can propagate in fth dimension. In our
scenario such degrees of freedom are gravity and R gauge interaction. Especially, it have to
be investigated how an U(1) component of the larger R gauge symmetry in ve dimensions
is projected out to U(1)R gauge symmetry in four dimensional eective theories. It is also
to be investigated how completely two sectors are separated in the superspace densities in
four dimensional eective theories.
Finally, we want to emphasize that the proposed scenario is very simple, and we can
rather easily construct calculable models which have concrete predictions. We believe that
this direction is worth investigating further.
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SU(3)c SU(2)L U(1)Y SU(2)H U(1)R
Q 3 2 1/6 1 1
U 3 1 -2/3 1 1
D 3 1 1/3 1 1
L 1 2 -1/2 1 1
N 1 1 0 1 1
E 1 1 1 1 1
H 1 2 1/2 1 0
H 1 2 -1/2 1 0
H 0 1 2 1/2 1 2
H 0 1 2 -1/2 1 2
Ωi 8 1 0 1 3/4
i 1 3 0 1 3/4
X 1 1 1 1 1/2
X 0 1 1 1 1 3/2
Q1 1 1 1 2 q1
Q2 1 1 1 2 q2
S 1 1 1 1 4
TABLE I. Particle contents of the model. The system of the elds Q1, Q2 and S with SU(2)H
gauge symmetry constitutes the hidden (sequestered) sector. Other elds are the member of the
visible sector. The index i runs from 1 to 4 for Ωi and i. The charges q1 and q2 follow the
constraint of q1 + q2 = −2. The concrete values of these charges are determined through the
cancellations of (U(1)R)
3 and U(1)R(gravity)
2 anomalies (see text).
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